,ug/ml of each or higher to the basal medium, or addition of a mixture of deoxyadenosine and deoxyguanosine at a level of 80 Mg/ml of each or higher to the basal medium, inhibited the thymine or thymidine growth response of the organism. Thymine activities of rat and chick tissues were determined by this procedure. The data on the recovery of added thymine to tissues gave 84 to 103% recovery. Thymus, spleen, small intestine, and ventral prostate were higher in thymine activities as compared with other tissues. Holmes and Welch (1954) have described a microbial pad-plate assay method for thymine and thymidine using Streptococcus faecalis ATCC 8043 as the test organism. In this method, aminopterin was added to the basal medium to lower the response of the organism to folic acid and its derivatives. However, this procedure did not prevent the growth response of the organism to citrovorum factor (CF). A method for the assay of thymine using a varient of an Escherichia coli T(-) mutant ATCC 11117 has been employed 17 by Elson and Chargaff (1952) in accordance with a method used by Fitzgerald and Zamenhof (unpublished data) . A critical evaluation of this method must await its publication. In a later study by Zamenhof and Griboff (1954) , isolation of a variant of E. coli T(-) mutant ATCC 11117, which is more sensitive to thymidine than to either thymine or thymidylic acid, was reported. A microbial method for assay of thymidine using Lactobacillus arabinosus has been reported by Lansford, Harding, and Shive (1958) . Under these conditions, the organism is inactive for thymine at a level of 250 ,ug/ml.
S. faecalis (SF) Akt (Hutchison and Coultas, 1957) , a methotrexate-resistant mutant of S. faecalis (SF) ATCC 8043, is reported to require both folic acid and thymine, and grows in absence of all other purines and pyrimidines. The present report concerns studies on a microbiological assay of thymine using this mutant. A preliminary report has appeared (Doctor, 1960) .
MATERIALS AND METHODS
Stock culture. S. faecalis Akt was carried as a stab culture by weekly transfer in the doublestrength purine-pyrimidine-free folic acid medium VI of Flynn et al. (1951) supplemented by methotrexate (Lederle Laboratories, Pearl River, N. Y.), 100 ,ug/mi; folic acid, 1 m,ug/ml; thymine, 1 ,ug/ml; and agar (1.5%). Stab cultures were sterilized by autoclaving for 7 min at 120 C.
Basal medium. Basal medium is described in Table 1 , and is essentially the same as folic acid medium VI described by Flynn et al. (1951) , with a few exceptions. This medium contains folic acid, 20 m,ug/ml, and 5-methylcytosine, 15 ,g/ml. However, it is free from adenine, guanine, uracil, and xanthine. Inoculum medium. The inoculum medium was prepared by adding methotrexate, 100 ,ug/ml; folic acid, 1 mug/ml; and thymine, 1 ,ug/ml, to 5 ml of the double-strength purine-pyrimidinefree folic acid medium VI of Flynn et al. (1951) . The medium was autoclaved for 7 min at 120 C.
Inoculum. The inoculum was made by a transfer from a stab culture and incubated 16 hr at 37 C. The cells were centrifuged out and resuspended in 10 ml of sterile 0.9% NaCl solution. One drop of this suspension was used to inoculate each assay tube.
Assay method. A known amount of the sample to be assayed (e.g., 1 ml) was combined with an equal volume of double-strength basal medium in test tubes (1.3 by 10 cm). The tubes were covered and autoclaved at 15 lb for 7 min, cooled, and inoculated. Assays were made in replicates at five different concentrations. A standard quadruplicate set of 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 1.0 ml of thymine (5 ,ug/ml) or thymidine (10 ,ug/ml) solutions made to 1 ml with water was included with each assay. After incubation for 16 to 18 hr at 37 C, the turbidities were read in a Coleman Junior spectrophotometer, and the readings for the samples were compared with the standard curve.
Preparation of sample for assay. Quickly frozen tissue (1 g) was homogenized in 5 ml of ice-cold 10% trichloroacetic acid (TCA) and centrifuged. The supernatant fluid was extracted three times with peroxide-free ether to remove TCA. The extracted material was assayed for thymine or thymidine.
Specificity of method. Detailed studies were conducted on the influence of folic acid, CF, and various purines and pyrimidines and their derivatives on the growth response of the test organism to thymine or thymidine.
Since the presence of large amounts (25 times or more than the amount of thymine) of adenine, guanine, or xanthine, or their nucleosides in the unknown test material may inhibit the growth of the assay organism, studies were conducted on the possible interference by these inhibitory substances.
A recovery study was included with assay of each tissue. Thymine (5 ,g) was added to the homogenized tissue and the material was treated using the same procedure and assayed for thymine.
RESULTS AND DISCUSSION
In Fig. 1 are shown the thymine growthresponse ourves for S. faecalis Akt when the organism is grown in folic acid-free basal medium (Table 1) supplemented with various levels of folic acid. The results indicate that S. faecalis Akt requires both thymine and folic acid for growth and that inclusion of folic acid (20 m,g/ ml) in the basal medium results in an optimal growth response of the test organism to thymine. This is in contrast to the growth requirements of S. faecalis where the organism can grow on either folic acid or thymine (Stokes, 1944) .
In Fig. 2 growth response of S. faecalis is shown in Fig. 3 . The results indicate that S. faecalis, the parent strain, gives a growth response to folic acid, 10 m,ug/ml; CF, 10 m,ug/ml; or thymine, 5,ug/ml. However, S. faecalis Akt does not give growth response to folic acid, 1 mg/ml, or CF, 1 mg/ml, added to the basal medium of Table 1 (Fig. 4) . The results further suggest that 5-methylcytosine at a level of 400 or 200 ,ug/ml replaces the thymine requirement of both S.faecalis and S.faecalis Akt (Fig. 3 and 4) .
The growth response of S. faecalis Akt to different levels of thymine, thymidine, or thymidylic acid is shown in Fig. 5 . It is apparent from the results that addition of thymine, 1.6 ,ug (assay range 0.5 to 2.5 ug), or a molar equiva- Table 1 on the growth response of Streptococcus faecalis Akt. lent (3.2 ,ug) of thymidine to the basal medium gives one-half the maximal growth response for S. faecalis Akt. However, the organism is much less active with thymidylic acid (one-half maximal growth response to 150 jig). This is in contrast to the growth response of a thymine-requiring variant of E. coli T(-) mutant ATCC 11117 to thymidylic acid (Zamenhof and Griboff, 1954) . This mutant gives an optimal growth response to 0.6,ug of thymidylic acid (Zamenhof and Griboff, 1954) . Table 1. mine, deoxycytidylic acid, methotrexate, uridine, adenosine, adenylic acid (2') and (3'), adenosine-5-phosphate, adenosine diphosphate, adenosine triphosphate, deoxyadenylic acid, and deoxyguanylic acid (200 ug each) added to the basal medium do not influence the growth response of S. faecalis Akt to thymine or thymidine.
Thymine activities of various rat and chick organs were determined by this method. Rat thymus, ventral prostate, spleen, and small intestine contain significant amounts of free thymine activity, although thymine content of rat liver and dorsal prostate is lower than the above organs (Table 2) . Chick spleen, thymus, and small intestine contain a measurable amount of thymine activity; however, all the remaining organs of rat and chick not reported in Table 2 show no measurable thymine activity.
Studies on the possible presence of inhibitory substances in the assay material showed that there were no such interfering substances present, since the growth of the assay organism in each instance was a function of the amount of thymine present in the tissue. The recovery data show 84 to 103% recovery of the added thymine. Rotherham and Schneider (1958) 
